Abstract. The AMS-02 detector is a large acceptance magnetic spectrometer operating onboard the International Space Station since May 2011. The main goals of the detector are the search for antimatter and dark matter in space, as well as the measurement of cosmic ray composition and flux. Precise measurements of cosmic ray positrons and electrons are presented in this document, based on 41×10 9 events collected during the first 30 months of operations.
Introduction and detector layout
The Alpha Magnetic Spectrometer is a general purpose particle physics detector, operating in space since May 2011. It will achieve a unique long duration mission, aiming at performing antimatter and dark matter searches, as well as cosmic ray composition and flux measurements. The experiment is installed onboard the International Space Station (ISS), that follows a Low Earth Orbit at about 400 km altitude with respect to the Earth surface, well located to detect cosmic particles before they interact with the outer layers of the atmosphere. This makes the ISS one the most interesting environments to perform cosmic rays studies. AMS being a space-born detector, the data acquisition parameters change as a function of the detector position with respect to Earth, as it is shown in Fig. 1 . The measurements presented in this document are based on the data collected during the first 30 months of operations of the detector, from May 19th 2011 to November 26th 2013. The detector is composed of several sub-detectors, as shown in Fig. 2 . In this period 41×10 9 cosmic ray events were detected. The silicon tracker [1] measures the trajectory and absolute charge |Z | of cosmic rays by performing multiple measurements of the coordinates and energy loss. Together with the 0.14 T permanent magnet, the tracker measures the particle rigidity R = pc/Ze, where p is the momentum. The Transition Radiation Detector (TRD) [2] identifies the particle as an electron/positron. The four layers of the Time of Flight (TOF) [3] measure the particles charge and ensure that the particle is downward-going. The high efficiency (∼99.999%) anti-coincidence counters [4] inside the magnet bore are used to reject particles outside the geometric acceptance. The Ring Imaging CHerenkov detector (RICH) [5] measures the particles charge and velocity. The imaging Electromagnetic Calorimeter (ECAL) [6] identifies the particle as an electron/positron and measures its energy.
The AMS-02 detector has been extensively calibrated using a test beam at CERN with e − and e + from 10 to a e-mail: manuela.vecchi@ifsc.usp.br 290 GeV, with protons at 180 and 400 GeV, and with π ± from 10 to 180 GeV.
Lepton-hadron separation
Electrons and positrons only account for a tiny fraction of the cosmic rays: e − are ∼10 −2 less abundant than protons, while e + are ∼10 −4 less abundant than protons. However, the measurement of their fluxes can provide important informations to understand the nearby universe, as their detection horizon is limited to few kiloparsecs, due to energy losses. Three main sub-detectors provide clean and redundant identification of positrons and electrons with independent suppression of the proton background. These are the TRD (above the magnet), the ECAL (below the magnet) and the tracker. The matching of the ECAL energy and the momentum measured with the tracker (E/p in the following) greatly improves the proton rejection. To differentiate between e ± and protons in the TRD, a TRD estimator formed by the ratio of the log-likelihood probability of the e ± hypothesis to that of the proton hypothesis in each layer is used. The proton rejection power of the TRD estimator at 90% e ± efficiency is 10 3 to 10 4 [7] , as estimated using flight data. To cleanly identify electrons and positrons in the ECAL, a Boosted Decision Tree [8] estimator is build using the 3D shower shape. The ECAL proton rejection power reaches 10 4 when combined with the E/p matching requirement.
The positron fraction measurement
The positron fraction (PF) is defined as the ratio between the positron flux and the electron plus positron flux, i.e. . As the acceptance and efficiencies simplify in the ratio, the positron fraction is given by the ratio of the number of events. Events are selected by requiring a track in the TRD and in the tracker, a shower in the ECAL, and a measured velocity β ∼ 1 in the TOF consistent with a downward-going particle with charge one. To reject secondary positrons and electrons produced by the interaction of primary cosmic rays with the atmosphere, EPJ Web of Conferences the energy measured with the ECAL is required to exceed, by a factor of 1.2, the maximum Størmer cutoff [10] for either a positron or electron at the geomagnetic location where the particle was detected and at any angle within the acceptance. In each energy bin, the two-dimensional reference spectra for e ± and the background are fit to data in the TRD estimator-log(E/ p) plane. The template fit is used to estimate the number of electrons plus positrons reconstructed with a positive charge sign, N + , and the number of electrons plus positrons reconstructed with a negative charge sign, N − . A maximum-likelihood fit yields N + , N − , and the number of protons in the bin. Finally, these numbers are corrected for charge confusion (CC), i.e. the fraction of electrons misidentified as positrons. Charge confusion has two main sources: the finite resolution of the tracker as well as multiple scattering, and the production of secondary particles and radiation along the track of the primary particle in the tracker. Both sources are found to be well reproduced by the Monte Carlo. CC is mitigated by a cut on the E/ p matching and additional cuts on the tracker track quality, the charge measured in the tracker and in the TOF. The CC reference spectra are derived from the Monte Carlo simulation.
The PF from 0.5 GeV to 500 GeV is shown in Fig. 3 . It is steadily increasing above 10 GeV, up to about 250 GeV: above this energy it is found to be no longer dependent on energy. The rise in the PF is in contrast with the hypothesis that positrons are only secondary particles [11] [12] [13] . Given our current understanding of the cosmic rays propagation in the Galaxy, positrons are produced in standard astrophysical processes, such as the spallation of primary cosmic rays into the interstellar medium. The PF measurement implies the need for a primary component of positrons, namely the existence of a source of positrons in the vicinity of the Solar System. Positronelectron pairs could be produced and accelerated by nearby rapidly rotating neutron stars, i.e. pulsars [14, 15] . Besides standard astrophysical mechanisms, exotic scenarios like the annihilation of dark matter (DM) particles in the Milky Way halo could also be probed. Positrons constitute a good channel to search for DM, given their low abundance in cosmic radiation [16] [17] [18] [19] . On top of the antiparticles from standard astrophysical processes, the messengers of DM annihilation would generate distortions in the measured fluxes.
The PF has been fit to a minimal model with 7 parameters. In this model the positron flux is described by a power law term, with spectral index γ e + , indicating the secondary production from standard astrophysical processes, and a charge-symmetric source term with a power law and an exponential cutoff E S :
The electron flux is also parametrised using a power law, with different normalisation and spectral index with respect to positrons, since e − are thought to be also primaries, produced in galactic sources such as SuperNova Remnants. The charge-symmetric source term is also added to the parametrisation of the electron flux:
A fit of this model to the data with their total errors in the energy range from 1 to 500 GeV yields a χ 2 /ndo f = 36.4/58 and 1/E S = 1.84 ± 0.58 TeV −1 [9] . The AMS-02 measurement, together with the fit are shown in Fig. 4 . model with no exponential cutoff, i.e. with 1/E S set to 0, is excluded at the 99.9% C.L.
Several papers report dedicated analysis on the interpretation of AMS-02 electron and positron measurements in terms of astrophysical or exotic origin (see for example [20] , [21] and [22] ). It is possible to show that if the positron excess is due to the annihilation of DM in the vicinity of the Solar System, the mass of the DM particle has to be higher than 500 GeV. Moreover, the direct annihilation into lepton pairs seems disfavoured, while direct annihilation into quarks, Z, W, or Higgs boson pairs is reproducing well the data, with best-fit masses between 10 and 40 TeV. The interpretation of the PF rise in terms of pulsars is also viable: few pulsars in the vicinity of the Solar system have been identified as possible candidates to satisfy the experimental measurements.
The positron and electron flux measurement
The measurement of the separate fluxes of electrons and positrons is needed for a deeper understanding of the PF measurement, as in principle the observed rise in the PF could either be due to an excess of positrons or to a loss of electrons. The isotropic flux of cosmic rays electrons and positrons in each energy bin E, of width E, is given by [23] :
where N e (E) is the number of electrons or positrons with energy between E and E + E, A e f f is the effective acceptance, T (E) is the exposure time. The effective acceptance A e f f is the product of the detector geometric acceptance (∼500 cm 2 sr) and the selection efficiency, estimated with simulated events and validated with a pure sample of electron events identified in the data. The trigger efficiency is 100% above few GeV, and it is estimated using minimum bias triggered events. The exposure time is evaluated as a function of energy and it takes into account the lifetime of the experiment which depends on its orbit location and on the geomagnetic cutoff. To identify downward-going particles of charge one, cuts are applied on the velocity measured by the TOF and on the charge reconstructed by the tracker, the upper TOF planes, and the TRD. To reject positrons and electrons produced by the interaction of primary cosmic rays with the atmosphere, the minimum energy within the bin is required to exceed 1.2 times the geomagnetic cutoff. Over a sample of well reconstructed particles with one shower in the ECAL and one track in the TRD and in the tracker, the identification of signal events is performed applying an additional cut on E/ p, followed by a fixed cut in the ECAL estimator to further reduce the proton background. The number of signal and background event is estimated for each energy bin performing a template fit procedure, similar to the one described in section 2. In total, 9.23 × 10 6 events are identified as electrons and 0.58×10 6 as positrons. The energy resolution of the ECAL is below 2% at energies higher than 80 GeV [6] and the absolute energy scale is verified by using minimum ionising particles and the ratio between the energy, measured by the ECAL, and the momentum, measured by the tracker. These results are compared with the Test Beam values where the beam energy is known to high precision. Between 10 and 290 GeV (Test Beam energies), the uncertainty on the absolute scale is ∼2%, while it is 4% up to 700 GeV. The statistical error dominates above 50 GeV in the measurement of positrons, while the systematic and statistical errors are comparable for electrons, above 200 GeV (see Table 1 in [23] ). Figure 5 shows the 01001-p.3 electron (top) and positron (bottom) fluxes as a function of energy, multiplied by the cube of the energy, compared to previous measurements. The electron flux is shown from 0.5 GeV up to 700 GeV, while the positron flux is shown from 0.5 GeV up to 500 GeV. The horizontal linear scale highlights the precision and good quality of AMS-02 data compared with previous measurements. Figure 6 shows the electron and positron fluxes compared. The electron and positron fluxes are different in magnitude and in their energy dependence. Figure 7 shows the spectral index of electrons (in blue) and positrons (in red), as a function of energy: we can see that neither the positron nor the electron flux can be described by a single power law. Above 20 GeV, positron flux is significantly harder than the electron flux, implying that the observed rise in the PF is actually due to an excess of positrons and not to a loss of electrons. This indicates that high energy positrons have a different origin from that of electrons. A better understanding of these phenomena can be achieved by continuing to collect data up to the TeV region and by measuring other important channels, such as the antiproton to proton ratio. Figure 8 shows the AMS-02 combined electrons plus positrons flux, rescaled by the cube of the energy, as a function of energy, together with previous measurements. A major experimental advantage of the combined lepton flux analysis compared to the measurement of the individual positron and electron fluxes, particularly at high energies, is that the event selection does not depend on the [24] , together with the most recent measurements from other experiments. See [24] for the complete list of references.
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sign of the charge, implying higher selection efficiency. Consequently, this measurement is extended to 1 TeV with less overall uncertainty over the entire energy range. Given the high statistics and high precision of the measurement, the spectral index of the combined flux has also been measured and, for energies higher than 30 GeV, it is found to be compatible with a single power law.
Conclusions
The AMS-02 detector is operating aboard the International Space Station since May 2011. The main goals of the experiment are the precise measurements of the cosmic ray fluxes in the GeV to TeV range, as well as the search for primordial antimatter and dark matter. In this document we present the positron fraction measurement, as well as the electron and positron fluxes. These measurements are performed with increased precision with respect to previous measurements, and a previously unexplored energy region has been studied. The results show that the observed rise in the positron fraction is due to a hardening of the positron flux and not to a loss of electrons. Moreover, the electron and positron fluxes are different in magnitude and energy dependence, implying that different phenomena are involved in their production. Given the long duration of the mission and the good quality of AMS data, a better understanding of these phenomena will be achieved by collecting data up to the TeV region, and by studying other important channels such as antiprotons, protons and heavier nuclei.
